Purpose Considering the human contribution to car crashes, it seems necessary to make a distinction between different forms of aberrant driver behaviour and its different psychological origins. The aim of the present study was to determine the factors that affect driving behaviour, to prepare a factor model, to identify the role of age, gender, kilometres driven per year, and social status, and to examine the relationship between self-reported driver behaviour in DBQ and self-reported accident involvement and offences among Czech drivers. Methods For this purpose the original 50-item version of DBQ was translated and adjusted to the Czech driver population. A total of 2,684 Czech drivers participated in the study, 1,791 men and 893 women. Responses to the 50 items were submitted to a principal components analysis with a varimax rotation. Results Our research confirmed a three-factor approach as the most appropriate for the interpretation of data. In our case, the three-factor solution can provide an explanation for 31.75 % of the total variance. Conclusions While Factor 1, "Dangerous Violations", and Factor 2, "Dangerous Errors", are consistent with the findings of other authors, Factor 3, interpreted as "Not Paying Attention to Driving, Straying, and Loss of Orientation", has been identified as a new one. In addition, predictors of (driver behaviour) factors defining the driver groups prone to engaging in specific types of driving behaviour are further discussed. Practical implications for the education, training, and assessment of drivers, preventive measures, and on-board assistance systems are addressed.
Introduction
DBQ (The Manchester Driver Behaviour Questionnaire) is a self-report questionnaire developed by Reason, Manstead, Stradling, Baxter, and Campbell in the United Kingdom in 1990 as a measure of aberrant driving behaviours [1] . The original version comprises 50 items referring to drivers' aberrations. Respondents are asked to rate on a six-point scale (1= never; 2=hardly ever; 3=occasionally; 4=quite often; 5= frequently; 6=nearly all the time) how often they experience specific types of aberrant driving behaviours. While the concept of aberrant behaviour implied in the DBQ scales has been used in the Czech setting, Reason's original 50-item questionnaire has not been translated into Czech and localized yet. The questionnaire primarily reflects the difference between two main types of aberrant driving behaviour: "errors" and "violations"). The main distinction between these two types involves the degree of planned action, or conscious decision. While errors are characterised by unplanned behaviour, the violation of traffic rules is an intentional aberration. Reason later added a "slips and lapses" scale characterised by attention and memory failures. Reason's taxonomy is applicable to Keskinen's Gadget model [2] , where errors would pertain to the first two domains of the model (vehicle manoeuvring and mastering traffic situations), while violations would be associated with the other two domains (the goals and context of driving and goals for life and skills for living). This can be put to use with respect to young drivers, for example [3] .
Different studies varied in their conclusions about the number of scales. Working with a sample of 135 drivers, Blockey and Hartley [4] confirmed the existence of three factors -general errors, dangerous errors, and dangerous violations. In a study involving 1,400 respondents, Aberg and Rimmö [5] showed two factors -violations and dangerous errors -while the third factor, harmless lapses, broke down into two new factors -inattention errors and inexperience errors. Sullman, Meadows, and Pajo [6] suggested four factors, namely errors, lapses, and aggressive and ordinary violations. In line with Reason's original propositions, Parker, Reason, Manstead, and Stradling [7] defined lapses, errors, and violations with a sample of 1,600 drivers. There are studies that even confirm five factors, for example, Parker et al. [8] who examined 1989 senior drivers (the study sample comprised drivers aged 50+).
There are many more studies dealing with this topic. The above review illustrates not only the inconsistency of researchers' opinions about the number and focus of the factors that are present in DBQ and that describe risky driving behaviour, but also that DBQ is an instrument that is commonly used to investigate driver behaviour. A comprehensive review of studies using DBQ was put together by Harrison [9] , who also structured the changes in the questionnaire by subject and provided numerous examples.
DBQ is widely used to survey aberrant driving behaviour around the world [10] . While each translation and adaptation of the instrument involves modifications to the scales and the formulations and number of the items, the results and the prevalence of the use of this measure prove its usefulness. Gras et al. [11] adapted DBQ for use in the Spanish setting, which involved two translations into Spanish and one inverse translation into the original English version. Using factor analysis, they then demonstrated the existence of four factors, with one of them suggesting a mixture of lapses and errors. Noting the possibility of the meanings of some important items being lost in the translation of the original into another language, the authors suggest that a good-quality translation of the questionnaire is vital. The translation of DBQ is also addressed by Lajunen, Parker, and Summala [12] , who demonstrated the reliability of the Finnish and Dutch version of DBQ as being comparable to that of the original UK version and the four-factor structure [13] . In China DBQ was modified into CDQ (Chinese Driving Questionnaire) [14] . A recently published new French version [15] demonstrated six factors: dangerous errors, inattention errors, inexperience errors, ordinary violations, aggressive violations, and positive behaviours. While DBQ is often used to assess aberrant behaviour among a certain group of drivers (e.g. young and novice drivers -see, for example, [16] ), a recent Danish study suggests that the results across age categories are stable [17] .
The aim of this paper is to determine the factors that affect driving behaviour, to prepare a factor model, to identify the role of age, gender, kilometres driven per year, and social status, and to examine the relationship between self-reported driver behaviour in DBQ and self-reported accident involvement and offences among Czech drivers.
Material and methods
The original 50-item version of DBQ [1] , translated and adapted to the Czech setting by permission of its author, was used to conduct the research. In methodological terms, the conversion of the English original of the questionnaire was carried out in following steps. The first step involved the questionnaire being translated into Czech by two independent translators. Following the review of these translations by Czech traffic psychologists, problematic items were identified (in terms of wording, ambiguity, and specific features of the Czech context), and these were then translated anew by another translator. On the basis of such consultations, the first Czech wordings of the items were defined. The next step of the adaptation involved a discussion with respondents.
The same version was used for a pilot survey carried out on a sample of n=56 drivers, during which the reliability of the scales was tested, in addition to the final wording of the items. The three steps thus revealed potentially misleading items, the wording of which was subsequently changed in order to eliminate the ambiguity while retaining their meanings and ensuring that they can still feed into the relevant scale. The greatest change concerned Item 6, which originally read: "Attempt to drive away without first having switched on the ignition", but was changed into "Attempt to drive away with the handbrake on." Item 34 was shortened for the sake of comprehensibility. The original version, "Overtake a single line of stationary or slow-moving vehicles, only to discover that they were queuing to get through a one-lane gap or roadwork lights", was changed into "Overtake a single line of stationary or slow-moving vehicles, only to discover that they were queuing to get through a one-lane gap".
The adaptation also concerned the six-point rating scale used to measure the frequency of behaviour. Six options were chosen for the sake of consistency with the original UK version. In the Czech setting frequency options are typically expressed on a five-point scale. Therefore, again, a translator, a methodologist, and the Institute of the Czech Language were consulted about this part of the translation. The final rating scale turned out to be in full accordance with its English equivalent. Another difference from traditional frequency differentiation scales was the absence of the "always" option, which had proved ineffective, as by nature the questionnaire addresses aberrant driving behaviour, which cannot be experienced at all times. Even the "nearly all the time" option is regarded as extreme enough to be used as the opposite of the "never" option. Respondents thus chose one of six options (1=never, 6=nearly all the time) for each of the fifty items of the questionnaire.
The adapted DBQ was followed by a 22-item questionnaire enquiring about the respondent's driving history and sociodemographic information needed to process the data. In conclusion, the participants were asked two open-ended questions of a qualitative nature concerning their attitudes to driving and the role of a driver. The questionnaire was distributed via the internet. It was placed on an easy-to-remember domain and disseminated using social networks and webbased advertising. On average it took 20 min to complete. 2,684 respondents, 1,791 men and 893 women, participated in the online survey. Given that the Czech driver population comprises some 6.6 million people, the sample accounts for approximately 0.04 % of the total number of drivers in the Czech Republic. As for gender representation, 66 % of the respondents were men and 34 % women; these proportions are similar in the general population, as shown by the commonly stated male/female ratio of 60:40. The sample was not weighted in terms of age. Young drivers (under 27) accounted for 70 % of the respondents, with 41 % of the whole sample comprising drivers in the 18-22 age category. Drivers aged 28 to 42 accounted for 25 % of the sample. Thus only 5 % of the participants were aged above 42. The respondents' age structure corresponds to their occupational status: 44 % were students and 50 % were employees or freelancers.
Results
The aim of the present study was to determine the factors that affect driving behaviour, to prepare a factor model, to identify the role of age, gender, kilometres driven per year, and social status, and to examine the relationship between self-reported driver behaviour in DBQ and self-reported accident involvement and offences among Czech drivers.
Relative frequencies of the driver behaviour items
When the 50 items were ranked according to their rated mean frequencies, the five most frequently occurring behaviours were: "Check your speedometer and discover that you are unknowingly travelling faster than the legal limit" (Mn= 2.49, SD=1.24), "Deliberately disregard the speed limits late at night or very early in the morning" (Mn=2.23, SD=1.59), "Drive with only "half an eye" on the road while looking at a map, changing a radio channel, etc." (Mn=1.65, SD=1.16), "Drive along country roads at night as fast with dipped lights as on full beam" (Mn=1.54, SD=1.56), and "Forget which gear you are currently in and have to check with your hand" (Mn=1.50, SD=1.30). Three out of the five most highly ranked items relate to behaviour connected to speed and speeding. The means and standard deviations for all 50 items are given in Table 1 .
Factor analysis
Responses to the 50 items were submitted to a principal components analysis with a varimax rotation. The scree plot ( Fig. 1 ) indicated that the data were best fitted by a three-factor solution. The third factor (Not Paying Attention to Driving, Straying, and Loss of Orientation) is rather weak; the reason for its incorporation was rather well-based psychological interpretation. These three factors accounted for 31.75 % of the total variance. Factor 1 (Dangerous Violations) accounted for 18.07 % of the total variance, Factor 2 (Dangerous Errors) for 10.18 % of the total variance, and Factor 3 for 3.51 % of the total variance.
The items that loaded most highly for Factor 1 (Dangerous Violations) were: Have an aversion to a particular class of road user, and indicate your hostility by whatever means you can. Try to overtake without first checking your mirror, and then get hooted at by the car behind, which has already begun its overtaking manoeuvre. The next item (after the last one mentioned above) for Factor 3 has an intake of only 0.33, so we do not mention it here. It is necessary to note that the scores for all items are positively skewed (most respondents chose low values), which is a limiting factor for the factor analysis interpretations.
Predictors of factor scores
Using factor scores, multiple regressions were calculated to establish which of the sociodemographic indicators and selfreported accidents and offences provided the best predictors of the factors mentioned above (Factors 1, 2, and 3) . The following indicators were used in the present study:
-Gender -Age -Education -Type of driving licence (car, bus, truck etc.) -Years of driving (since obtaining driving licence) To provide multiple regression, the aforementioned indicators had to be modified and the number of categories was reduced (categories were merged in cases where there was no significant difference). The list below contains indicators (and categories) as significant predictors of Factors 1, 2, and 3:
-Gender -Age -Education (basic, secondary, university/college education) -Occupation (student, employee, freelancer, unemployed) -Size of the place of residence (up to 5,000 inhabitants, 5,000 to 50,000 inhabitants, more than 50,000 inhabitants) -Partnership engagement (no engagement, with engagement)
In the case of the indicator "Number of kilometres driven per year", the extremely positive skewness of the data led us to use a data transformation. Data transformations are the application of a mathematical modification to the values of a variable. There are a great variety of possible data transformations (e.g. adding constants to multiplying, squaring or raising to a power, converting to logarithmic scales, inverting and reflecting). For our work we chose converting to logarithmic scales (logarithmic transformation). Many statistical procedures assume that the variables are normally distributed. A significant violation of the assumption of normality can seriously increase the chances of the researcher committing either a Type I or II error. Micceri [18] points out that true normality is exceedingly rare in education and psychology.
Using a common logarithm of the variables, we managed to adjust the data in such a way as to fit the histograms provided (Figs. 2 and 3 ).
Factor 1 (dangerous violations)
In line with the results of an original study by Reason et al. [1] , our study confirmed Factor 1, which can be characterised as Dangerous Violations. When attempting to anticipate the result of Factor 1 using all the predictors that we followed, we can explain up to 25.6 % of the variance of this variable. It is evident that all the variables except Partnership Engagement play a role of their own (Table 2) .
However, when we look into category variables to see the degree of difference between the categories, we note that in education, the size of the place of residence, and occupation the difference is always due to a single deviating group. The model could thus be considerably simplified as follows (regression analysis with indicator variables has been used this time) Table 3: The significance of the model is F(7.2675) = 130.75; p<0.001; R 2 =0.255 (although a number of predictors were removed, the difference from the original value prior to the adjustment of predictors R 2 =0.256 is minimal).
To summarise, the rules appear to be deliberately violated mainly by younger men who travel many kilometres per year, are experienced drivers, have not completed university-level education, live in big cities, and are entrepreneurs.
Factor 2 (dangerous errors)
The second factor, which we can call Dangerous Errors, issimilarly to Factor 1 and as envisaged -in line with the study of Reason et al. [1] .
When attempting to anticipate the result of Factor 2 using all the predictors that we followed, we can explain 13.5 % of the variance of this variable. It is evident that the following variables play a role of their own: gender, the size of the place of residence, and the total number of kilometres driven in the driver's lifetime (Table 4) . Fig. 3 Histogram for "Number of kilometres driven per year" after adjustment The aforementioned three predictors can account for 13.5 % of the variance. Again, we can disregard a number of variables, or categories of variables, to arrive at the following lightened regression model Table 5 :
The significance of the model is F(4.2679) = 102.57; p<0.001; R 2 =0.133 (although a number of predictors were removed, the difference from the original value prior to the adjustment of predictors R 2 =0.135 is minimal). Our model thus suggests that driving errors are mainly made by women with not much driving experience, who come from small towns or villages, and have completed only basic education (this is a rather simplistic interpretation -the individual variables may be connected with a logical "or" rather than "and").
Factor 3 (Not paying attention to driving, straying, and loss of orientation)
The third factor is somehow different from what we envisaged and from what is known from the literature [1, [4] [5] [6] [7] [8] . This factor can be referred to as "straying and loss of orientation".
When attempting to anticipate the result of Factor 3 using all the predictors that we followed, we can explain 7 % of the variance of this variable. It is evident that the following variables play a role of their own: gender, education, the size of the place of residence, occupation, and the total number of kilometres driven in the driver's lifetime (Table 6 ).
Again, we can disregard a number of variables, or categories of variables, to arrive at the following lightened regression model Table 7 :
The significance of the model is F(6.2677) = 32.02; p<0.001; R 2 =0.067 (although a number of predictors were removed, the difference from the original value prior to the adjustment of predictors R 2 =0.07 is minimal). The interpretation of this factor is rather difficult. It appears that the biggest problems with orientation are experienced by older drivers (low effect), women, those who have considerable lifetime driving experience, and those who are from a large city. The older driver predictor can be interpreted as a generally poorer sense of orientation and a longer reaction time on the part of older drivers. The lifetime mileage predictor can be interpreted rather easily -drivers who spend a lot of time on the road are more likely to get lost (greater exposure). Moreover, some items refer to driving on a motorway, which in itself is a predictor of a larger number of kilometres travelled. A similar interpretation can be made in relation to the big city drivers predictor, where the assumption of driving around a large city allows for a greater chance of getting lost or losing one's orientation (exposure). The interpretation of the gender predictor (women) may be associated with Factor 2 (Dangerous Errors) and may be related to different driving styles in men and women. The education and occupation (student) predictors involve more complicated interpretations which require further research.
Discussion
The DBQ is a prominent measurement scale to examine drivers' self-reported aberrant behaviors. Self-reports can be a very useful and efficient means for studying aberrant driving behavior. Anonymous surveys can provide reliable in-depth information about behavior, as well as about the motives and attitudes leading to risky driving. DBQ has been used in several studies in many countries and despite minor cultural nuances, the distinction between errors as unintentional mistakes and violations as deliberate acts has been supported by all international studies, including the one presented in this paper. Driver behaviour is a very complex matter that is influenced by one's knowledge, abilities, and skills on the one hand and personality traits (such as volition, values, and motives) on the other. Last but not least, there are situational variables (such as mood, stress, and the overall mindset at the moment) that come into play. Therefore, different research methods must be used to describe such behaviour and identify its predictors. The present study focuses on the assessment of (aberrant) driving behaviour using self-report questionnaires administered to drivers. It thus seeks to describe the behaviour in itself rather than its causes. As in the original study [1] and other similar research projects [4] [5] [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] , our study also confirmed the division of aberrant behaviour into two major categories -Dangerous Violations and Dangerous Errors. In comparison to the above studies (including the original one), a new factor, which may be referred to as "Not Paying Attention to Driving, Straying, and Loss of Orientation", was identified among Czech drivers. This factor could also be labelled as non-dangerous errors (cf. [1] ). What is noteworthy and new with respect to the previous studies is the specific nature of statements that feed into this factor, such as those associated with absent-mindedness, not paying attention to driving, straying, and losing orientation. Given the driver characteristics (gender, age, education, occupation, size of the place of residence, partnership engagement), the results of our research generally correspond with the original study [1] and other studies mentioned above.
Conclusions
The results of our research suggested the three-factor solution as the most appropriate approach to interpreting data collected by means of the DBQ questionnaire. While these findings are in agreement with the previous ones arrived at by other authors [1, 4, 5, 7] , they also contradict the results of some other studies that propose different arrangements [6, 8] . In our case, the three-factor solution makes it possible to account for 31.75 % of the total variance. Factor 1 accounted for 18.07 % of the total variance, Factor 2 for 10.18 % of the total variance, and Factor 3 for 3.51 % of the total variance.
In accordance with the original study by Reason et al. [1] , Factor 1, which is characterised by mostly intentional violations, could be referred to as Dangerous Violations. These involve preconceived deliberate behaviour that is in breach of the regulations. Again in line with Reason's original study [1] , Factor 2 may be referred to as Dangerous Errors. These mostly involve driving behaviour which is characterised by mistakes and errors made by drivers without obvious intent or purpose. These may generally result from actions that are inappropriate in a given situation or are appropriate but executed in a wrong manner. Both cases involve behaviours which, although not intentionally planned and executed in violation of the rules, pose a danger to traffic safety. In contradiction with the findings of the author of the questionnaire [1] and other authors [4] [5] [6] [7] [8] , we interpret Factor 3 as Not Paying Attention to Driving, Straying, and Loss of Orientation. First and foremost, this factor builds upon statements pertaining to orientation in traffic environment and aberrations resulting from absent-mindedness or insufficient attention paid to driving.
As part of our research we sought to establish the most salient predictors for each of the factors using the respondents' sociodemographic data. We looked for the following variables (adjusted for the purposes of statistical processing): gender, age, education, occupation, size of the place of residence, and partnership engagement.
In Factor 1 (Dangerous Violations), we can account for 25.5 % of the variance using the predictors under scrutiny. The predictors suggest that the rules are intentionally violated especially by young men who travel many kilometres per year, are experienced drivers, have not completed universitylevel education, live in big cities, and are entrepreneurs.
As regards Factor 2 (Dangerous Errors), our model and predictors can account for 13.3 % of the variance of this variable. It is apparent that the following variables play a role of their own: gender, the size of the place of residence, and the total number of kilometres driven in the driver's lifetime. Our model thus suggests that driving errors are mainly made by women with not much driving experience, who come from small towns or villages, and have completed only basic education.
As for Factor 3, using all the predictors that we followed, we can account for 6.7 % of the variance of this variable. It is apparent that the following variables play a role of their own: gender, education, the size of the place of residence, occupation, and the total number of kilometres driven in the driver's lifetime. It seems that the biggest problems with orientation are experienced by older drivers, women, those who have considerable lifetime driving experience, and those who are from a large city. Given this factor's weak loading, however, the interpretation potential is limited.
The main implications of our research for practical measures aimed at increasing traffic safety include a better understanding of drivers' risk behaviour as an entity broken down into three distinct classes which are likely to involve different underlying psychological processes. Deliberate violations are believed to stem mainly from drivers' personality traits, motivation, values, and volition. Effective measures targeted at drivers engaging in this type of aberrant behaviour may include rigorous enforcement, counselling (rehabilitation programmes), and training programmes aimed at self-reflection and feedback, and, in general, a focus on higher levels of the Gadget model -GDE matrix [2] . Effective measures for drivers characterised by committing Dangerous Errors may include those focused on education and training in driving (the lower and middle levels of the Gadget model). The class of drivers who are absent-minded, confused, or show poor orientation in the traffic environment (Factor 3) may benefit from measures involving training in multifaceted driving situations (such as booster driving lessons) or, in the case of older drivers, those aimed at training and the maintenance of cognitive capacities.
Other possible implications include the utilisation of onboard assistance systems and the modification of the design of the traffic infrastructure in general. Different groups of drivers (categorised according to the types of aberrant driving behaviour) are likely to show different needs (in terms of traffic safety improvements) that the systems under consideration may meet. Assistance systems (and infrastructure designs) that focus on the provision of feedback and law enforcement may be more useful for the class of drivers who commit deliberate traffic violations, while error-prone, absent-minded, and confused drivers may benefit more from systems that facilitate orientation and provide general support in dealing with driving as a multifaceted task.
